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PROTEIN CRYSTALLIZATION METHOD characterized by including : filling a transparent sealed con 
AND CRYSTALLIZATION DEVICE tainer with a solution of protein , a part of the transparent 

sealed container being formed of a semipermeable mem 
TECHNICAL FIELD brane with a molecular weight cut - off that inhibits passage 

5 of the protein while allowing passage of a precipitant ; and 
The present invention relates to a protein crystallization continuously supplying a precipitant solution with changed 

method and a protein crystallization device , which crystal concentration and / or pH of the precipitant to the semiper 
lize protein by continuously supplying a precipitant solution meable membrane , to crystallize the protein with the pre 
with a changed concentration through a semipermeable cipitant that infiltrates from the semipermeable membrane 
membrane . 10 into the sealed container . 

A second aspect of the invention is characterized in that 
BACKGROUND ART in addition to the first aspect of the invention , dry air or 

liquid having hygroscopic properties is continuously sup 
In recent years , for example , in the pharmaceutical indus plied to a gas permeable membrane disposed in a position 

try and the like , protein has been crystallized and analyzed 15 that faces the semipermeable membrane of the sealed con 
by techniques such as X - ray diffraction and neutron diffrac tainer and having a molecular weight cut - off that inhibits 
tion in order to search protein - binding compounds or to passage of liquid while allowing passage of water vapor , to 
clarify the relationship between the function and structure of form gradients of the concentration and / or pH of the pre 
the protein in basic research . cipitant and a concentration of the protein in the sealed 

Meanwhile , at the time of the protein crystallization , 20 container . 
generally , a method has been widely adopted in which a A third aspect of the invention is characterized in that in 
precipitant is added to a protein solution to lower the addition to the first or second aspect of the invention , the 
solubility of the solution and precipitate the protein . How solution with which the sealed container is filled contains , in 
ever , the concentration of the precipitant at the time of the addition to the protein , the precipitant having a concentra 
protein crystallization and the pH thereof during the reaction 25 tion with which the protein is not crystallized . 
vary depending on the type of the protein . A fourth aspect of the invention is characterized by 

Therefore , for finding precise crystallization conditions including : a transparent sealed container filled with a solu 
for the protein , for example , as seen in Patent Document 1 tion containing protein ; a semipermeable membrane that 
mentioned below , a method has hitherto been widely forms a part of the sealed container and inhibits passage of 
adopted in which a large number of samples with changed 30 the protein while allowing passage of a precipitant ; and 
concentrations and / or pHs of the precipitant are previously precipitant supply means that circulates and supplies a 
prepared and screening is comprehensively performed to precipitant solution containing the precipitant to the semi 
grasp the crystallization conditions , and a reagent kit for the permeable membrane . The precipitant supply means 
method has also been proposed as seen in Patent Document includes a reservoir that stores the precipitant solution , a 
2 mentioned below . 35 circulation line that supplies the precipitant solution in the 

reservoir to the semipermeable membrane and returns the 
CITATION LIST precipitant solution to the reservoir again , a pump that is 

disposed on the circulation line and continuously supplies 
Patent Literature the precipitant solution to the semipermeable membrane , 

40 and concentration adjustment means that changes the pre 
Patent Literature 1 : Japanese Patent Laid - Open No. 2006 cipitant concentration in the precipitant solution . 

281139 A fifth aspect of the invention is characterized in that in 
Patent Literature 2 : Japanese Patent Laid - Open No. 2006 addition to the fourth aspect of the invention , the sealed 

083126 container is a tubular member having one end closed and the 
45 other end formed with an opening , and the semipermeable 

SUMMARY OF INVENTION membrane is formed in a bag - like shape integrated at the 
opening with a cylindrical narrow tube and is inserted into 

Technical Problem the sealed container via a sealing member . The sealing 
member includes a cylindrical elastic member having a hole 

However , the above method to find the protein crystalli- 50 formed in a center , the hole having a diameter smaller than 
zation conditions by screening has the problem of requiring outer diameters of the sealed container and the narrow tube , 
a great deal of time and effort since comprehensive screen- and a cylindrical restraint tube having an inner diameter size 
ing is performed using a large number of samples . In smaller than an outer diameter size of the elastic member . 
addition , the method also has the problem of being eco The sealed container is fitted to one end of the hole in the 
nomically inferior since a large amount of valuable protein 55 elastic member while the narrow tube is fitted to the other 
also needs to be prepared . end of the hole , and the compressed elastic member is fitted 

The present invention has been made in view of the above into the restraint tube . 
circumstances , and an object of the present invention is to A sixth aspect of the invention is characterized by includ 
provide an economically superior protein crystallization ing , in addition to the fourth or fifth aspect of the invention : 
method capable of efficiently finding conditions for crystal- 60 a gas permeable membrane disposed in a position that faces 
lization by using a small amount of protein and also provide the semipermeable membrane of the sealed container and 
a crystallization device used for the method . having a molecular weight cut - off that inhibits passage of 

liquid while allowing passage of water vapor ; second supply 
Solution to Problem means that continuously supplies dry air or liquid having 

65 hygroscopic properties to the gas permeable membrane ; and 
For solving the above problem , a protein crystallization discharge means for water vapor discharged out of the sealed 

method according to a first aspect of the present invention is container through the gas permeable membrane . 



US 11,110,371 B2 
3 4 

Further , a seventh aspect of the invention is characterized In the fourth aspect of the invention , the protein crystal 
in that in addition to any one of the fourth to sixth aspects lization device , as a mode in which a part of the sealed 
of the invention , the sealed container is made of glass or container is formed of the semipermeable membrane , it is 
quartz . possible to adopt the configuration as in the fifth aspect of 

Moreover , an eighth aspect of the invention is character- 5 invention where the bag - like semipermeable membrane is 
ized in that in addition to the fifth aspect of the invention , the inserted into the sealed container made of a tubular member 
elastic member is silicone rubber with a hardness of 15 through its opening , and the space between the sealed 
degrees to 25 degrees . Note that the hardness is measured by container and the narrow tube integrated into the opening of 
a durometer corresponding to JIS ( Japanese Industrial Stan- the semipermeable membrane is sealed with a sealing mem 
dard ) K 6253 . 10 ber formed by the restraint tube compressing an elastic 

member . 
Advantageous Effects of Invention At the time of changing the concentration of the precipi 

tant in the sealed container via the semipermeable mem 
According to any one of the first to eighth aspects of the brane , when the difference in concentration of the solution 

invention , with respect to the solution of protein having 15 between both sides of the semipermeable membrane 
filled the transparent sealed container , the precipitant solu increases , osmotic pressure occurs and the sealed container 
tion with the changed concentration and / or pH of the pre is depressurized or pressurized , which may cause air to enter 

the sealed container or the internal solution to leak . For cipitant is continuously supplied to the semipermeable mem 
brane forming a part of the sealed container , to gradually 20 inside and the outside of the semipermeable membrane is 50 example , when the concentration difference between the 
change the concentration and / or pH of the precipitant infil mM , the osmotic pressure corresponds to about 1.2 atm . trating from the semipermeable membrane into the sealed In this regard , according to the sealing member of the fifth container and crystallize the protein , so that it is possible to aspect of the invention described above , the narrow tube crystallize the protein without changing the concentration of integrated to the opening end of the sealed container and the the protein . 25 semipermeable membrane is fitted to the elastic member , 
Due to the sealed container being transparent , it is pos- and the elastic member is compressed by the restraint tube , 

sible , by observing the crystallization of the protein from the so that by the repulsive force of the elastic member , the 
outside , to grasp conditions of the concentration and / or pH spaces between the hole of the elastic member , the opening 
of the precipitant at the time of the protein crystallization end of the sealed container , and the outer periphery of the 
from the fact of the protein crystallization and the concen- 30 narrow tube are sealed , and the space between the outer 
tration and / or pH of the precipitant at the time of the periphery of the elastic member and the restraint tube is 
crystallization . Therefore , it is possible to efficiently find sealed . Hence it is possible to obtain sealing strength high 
conditions for the crystallization by using a small amount of enough to withstand the difference in osmotic pressure 
protein . generated between the inside and the outside of the sealed 

At the time of crystallizing protein by finding the protein 35 container . 
crystallization conditions , when the obtained protein crystals In this case , as the sealed container , glass or quartz is 
are analyzed by neutron diffraction or X - ray diffraction , a preferably used as in the seventh aspect of the invention in larger crystal can be analyzed in more detail . It is thereby order to inhibit passage of gas such as water vapor into the 
preferable to crystallize the protein into a large size of 1 mm sealed container . 

Further , as the elastic body constituting the sealing mem However , in general , when the protein is crystallized , the ber , silicone rubber with a hardness of 15 degrees to 25 
amount of protein forming one protein crystal is small degrees as in the eighth aspect of the invention is preferred . 
because protein around each of crystal nuclei , generated at 
many locations in the protein solution , is evenly distributed BRIEF DESCRIPTION OF DRAWINGS 
and crystallized , resulting in that large protein crystals are 45 
difficult to generate , which has hitherto been problematic . FIG . 1 is a schematic configuration view illustrating a first 

In contrast , according to the second or sixth aspects of the embodiment of a protein crystallization device according to 
invention , by continuously supplying dry air or liquid hav- the present invention . 
ing hygroscopic properties to the gas permeable membrane FIG . 2 is a schematic configuration view illustrating a 
disposed in the position that faces the semipermeable mem- 50 second embodiment of the protein crystallization device 
brane of the sealed container and discharging water vapor according to the present invention . 
from the sealed container , a gradient is formed in which the 
concentration and / or pH of the precipitant are higher on the DESCRIPTION OF EMBODIMENTS 
semipermeable membrane side than on the gas permeable 
membrane side , and a gradient is formed in which the 55 First Embodiment 
protein concentration is higher on the gas permeable mem 
brane side than on the semipermeable membrane side . FIG . 1 illustrates a first embodiment of a protein crystal 
Thereby , a wide range of crystallization conditions are lization device according to the present invention , and the 
created in the sealed container , and the crystal nuclei are protein crystallization device is roughly configured of : a 
generated in one to several locations , thus enabling the 60 transparent sealed container 1 that is filled with a solution 
generation of large protein crystals . containing protein ; a semipermeable membrane 2 inserted in 

For comparison , as in the third aspect of the invention , the sealed container 1 ; and precipitant supply means 3 that 
when the precipitant having a concentration , with which the circulates and supplies a precipitant solution containing a 
protein is not crystallized , is previously added besides the precipitant to the semipermeable membrane 2 . 
protein to the solution filling the sealed container , it is also 65 The sealed container 1 is a transparent tubular member , 
possible to shorten the operation time until crystallization of made of glass or quartz and having one end closed and the 
the protein . other end formed with an opening la and , is formed to have , 

or more . 40 
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for example , an inner diameter size of 0.4 to 4 mm and a The precipitant supply means 3 for circulating and sup 
length dimension of 10 to 30 mm . Then , the semipermeable plying the precipitant solution into the semipermeable mem 
membrane 2 is inserted into the sealed container 1 , and the brane 2 is connected to the narrow tube 5 . 
opening la is airtightly sealed by the sealing member 4 . The supply means 3 is configured of : a reservoir 8 that 

Here , the semipermeable membrane 2 is a bag - like mem- 5 stores the precipitant solution ; a circulation line 10 made up 
brane made of a material with a molecular weight cut - off of a tube 10a that supplies the precipitant solution in the 
that is in the range of 2,000 to 100,000 Da and inhibits reservoir 8 into the semipermeable membrane 2 by using a 
passage of the protein while allowing passage of the pre- pump 9 and a tube 10b that returns the precipitant solution 
cipitant , and the semipermeable membrane 2 is formed in an in the semipermeable membrane 2 back into the reservoir 8 ; 
elongated bag - like shape with an outer diameter size of 0.2 and a port ( concentration adjustment means ) 11 that is 
to 0.4 mm , for example . provided above the reservoir 8 and supplies the precipitant 
As the semipermeable membrane 2 , it is possible to use : solution with a different concentration into the reservoir 8 to 

regenerated cellulose membranes ( RC ) such as cuprammo- change the precipitant concentration in the precipitant solu 
nium rayon ( CR ) and saponified cellulose ( SCA ) ; surface- tion . 
modification regenerated cellulose membranes such as a Here , when the reservoir 8 is small in volume relative to 
hemophan membrane , a PC membrane , and a vitamin the volume of the sealed container 1 , the concentration 
E - coating membrane ; cellulose acetate ( CA ) such as cellu- and / or pH of the precipitant in the reservoir 8 are affected by 
lose diacetate ( CDA ) and cellulose triacetate ( CTA ) ; and the precipitant concentration in the protein solution , and the 
synthetic polymer membranes such as polyacrylonitrile 20 concentration becomes unstable . Hence the volume of the 
( PAN ) , polymethylmethacrylate ( PMMA ) , an ethylene vinyl reservoir 8 is preferably 100 times or more the volume of the 
alcohol copolymer ( EVAL ) , polysulfone ( PS ) , polyamide sealed container 1 and is set to be 1 to 50 mL in the present 
( PA ) , and polyester polymer alloy ( PEPA ) . embodiment in consideration of the viewpoint of handling . 

Further , the opening of the semipermeable membrane 2 is Note that reference numeral 12 in the figure denotes power 
integrated with a tubular narrow tube 5. Specifically , the 25 supply equipment for driving and controlling the pump 9 . 
periphery of the opening of the semipermeable membrane 2 Next , a description will be given of a first embodiment of 
is inserted into the narrow tube 5 and integrated therewith by the protein crystallization method according to the present 
using the adhesive 5a . As the narrow tube 5 , a metal tube , invention using the protein crystallization device having the a plastic tube , a glass tube , a quartz tube , or the like can be above configuration . 
used . The sealed container 1 is previously filled with a protein Then , the full - length semipermeable membrane 2 and a solution having a predetermined concentration , the opening part of the narrow tube 5 are inserted into the sealed 
container 1 , and the sealing member 4 for closely sealing the la is sealed with the sealing member 4 , and a precipitant 
sealed container 1 is provided on the outer periphery of the solution adjusted to have a predetermined concentration and 
opening end of the sealed container 1 and the outer periphery 35 stored in the reservoir 8 is continuously circulated from the 
of the narrow tube 5 which protrudes from the sealed tube 10a via the semipermeable membrane 2 by the pump 9 
container 1 . and from the tube 10b to the reservoir 8 . 

The sealing member 4 is configured of : cylindrical sili Here , the precipitant may be salt or polymer that can be 
cone rubber ( elastic member ) 6 having a hole 6a formed in condensed without modifying the protein , and in general , 
the center , the hole 6a having a diameter smaller than the 40 sodium chloride , ammonium sulfate , polyethylene glycol , or 
outer diameters of the sealed container 1 and the narrow tube the like can be used . 
5 ; and a cylindrical restraint tube 7 made of metal and When the precipitant solution is continuously circulated , 
having an inner diameter size smaller than the outer diam- the precipitant infiltrates from the semipermeable membrane 
eter size of the silicone rubber 6 . 2 into the sealed container 1 since the semipermeable 

The restraint tube 7 is formed to have an inner diameter 45 membrane 2 is formed of the material that inhibits passage 
size of 4.5 to 4.9 mm and a length dimension of 8 to 12 mm . of the protein while allowing passage of the precipitant . 
The silicone rubber 6 has a hardness of 15 to 25 degrees and Therefore , when the circulation supply to the semipermeable 
is formed to have an outer diameter in the range of 1.1 to 1.9 membrane 2 described above is performed while the pre 
when the inner diameter of the restraint tube 7 is 1 , specifi- cipitant solution with a high concentration is gradually 
cally , an outer diameter size of 5 to 6 mm and a length 50 supplied from the port 11 into the reservoir 8 , the protein is 
dimension of 6 to 10 mm . crystallized at the time when the precipitant concentration in 

For sealing the opening la of the sealed container 1 with the sealed container 1 reaches a predetermined concentra 
the sealing member 4 , first , the silicone rubber 6 is com- tion . 
pressed and fitted into the restraint tube 7 , and then , the hole Then , the crystallization is observed from the outside of 
6a of the silicone rubber 6 is pushed to be widened and the 55 the transparent sealed container 1 , and the concentration 
opening end of the sealed container 1 is inserted and fitted and / or pH of the precipitant at that time are confirmed , so 
into the hole 6a . Subsequently , the hole 6a is pushed to be that it is possible to grasp the protein crystallization condi 
widened from the other end side of the silicone rubber 6 , the tions . 
narrow tube 5 having the semipermeable membrane 2 at the As described above , according to the protein crystalliza 
tip is caused to pass through the hole 6a , and the narrow tube 60 tion device and the crystallization method using this device , 
5 is pushed 3 to 7 mm into the silicone rubber 6 while the with respect to the solution of protein having filled the 
semipermeable membrane 2 is disposed in the sealed con- transparent sealed container 1 , the precipitant solution with 
tainer 1 . the changed concentration and / or pH of the precipitant is 
As a result , the opening la of the sealed container 1 and continuously supplied to the semipermeable membrane 2 

the outer periphery of the narrow tube 5 are sealed with the 65 disposed in the sealed container 1 via the sealing member 4 , 
silicone rubber 6 , and the space between the outer periphery to gradually change the concentration and / or pH of the 
of the silicone rubber 6 and the restraint tube 7 is sealed . precipitant infiltrating from the semipermeable membrane 2 
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into the sealed container 1 and crystallize the protein , so that a relative humidity of 90 % as a result of measurement by 
it is possible to crystallize the protein without changing the infrared sensor method described in JIS K 7129 : 2008 . 
concentration of the protein . Alternatively , it is also possible to use a membrane 

In this case , due to the sealed container 1 being transpar- formed of a material , such as film - like silicone rubber , nylon 
ent , it is possible , by observing the crystallization of the 5 ( registered trademark ) 6 , polystyrene , or polyurethane and 
protein from the outside , to grasp conditions of the concen- formed into an elongated bag - like shape of the above size . 
tration and / or pH of the precipitant at the time of protein The inside of the narrow tube 5 , where the gas permeable crystallization from the fact of the protein crystallization and membrane 20 is provided , is provided with : second supply 
the concentration and / or pH of the precipitant at the time of means 24 made up of a filter 22 , a pump 23 , and a supply the crystallization . Therefore , it is possible to efficiently find 10 tube 21 that continuously supplies dry air or liquid having 
conditions for the crystallization by using a small amount of hygroscopic properties into the gas permeable membrane protein . Further , by using a glass tube or a quartz tube for the 20 ; and a discharge pipe ( discharge means ) 25 that dis sealed container 1 , the generated protein can be directly used charges , out of the narrow tube 5 , water vapor discharged for X - ray diffraction or neutron diffraction without being out of the sealed container 1 through the gas permeable transferred to an analysis container . membrane 20 . In addition , the narrow tube 5 integrated to the opening 
end of the sealed container 1 and the semipermeable mem Next , a description will be given of a second embodiment 
brane 2 is fitted to the hole ba of the silicone rubber 6 , and of the protein crystallization method according to the present 
the silicone rubber 6 is compressed by the restraint tube 7 , invention using the protein crystallization device having the 
so that by the repulsive force of the silicone rubber 6 , the 20 above configuration . 
spaces between the hole 6a of the silicone rubber 6 , the First , as in the first embodiment , the circulation supply to 
opening end of the sealed container 1 , and the outer periph- the semipermeable membrane 2 is performed while the 
ery of the narrow tube 5 are sealed , and the space between pre itant solution with a high concentration is gradually 
the outer periphery of the silicone rubber 6 and the restraint supplied from the port 11 into the reservoir 8 . 
tube 7 is sealed . Hence it is possible to obtain sealing 25 Concurrently , dry air or liquid having hygroscopic prop 
strength high enough to withstand the difference in osmotic erties is continuously supplied from the supply tube 21 to the 
pressure generated between the inside and the outside of the gas permeable membrane 20 disposed at the other end 16 
sealed container 1 . facing the semipermeable membrane 2 of the sealed con 
Although the case where the sealed container 1 is filled tainer 1 , and water vapor is discharged out of the sealed 

with the protein solution has been described in the above 30 container 1 . 
embodiment , the present invention is not limited thereto , but Therefore , in the sealed container 1 , gradients are formed 
it is also possible to fill the sealed container 1 with a solution in which the concentration and / or pH of the precipitant are 
containing , in addition to the protein , the precipitant having higher on the semipermeable membrane 2 side than on the 
a concentration with which the protein is not crystallized . gas permeable membrane 20 side , and the concentration of 
As thus described , by previously adding a certain amount 35 the protein is higher on the gas permeable membrane 20 side 

of precipitant , it is also possible to shorten the operation time than on the semipermeable membrane 2 side . As a result , 
until the protein crystallization , without changing the con- when the precipitant concentration in the sealed container 1 
centration of the protein . reaches a predetermined concentration , the crystal nuclei are 

generated in one to several locations , and large protein 
Second Embodiment 40 crystals are generated . 

As described above , according to the protein crystalliza 
FIG . 2 illustrates a second embodiment of the protein tion device and the crystallization method using this device , 

crystallization device according to the present invention , and as in the first embodiment , the crystallization is observed 
the same components as those in the first embodiment from the outside of the transparent sealed container 1 , and 
illustrated in FIG . 1 are denoted by the same reference 45 the concentration and / or pH of the precipitant at that time are 
numerals to simplify the description thereof . confirmed , so that it is possible to roughly grasp the protein 

In this crystallization device , an opening 1b is formed at crystallization conditions and further to generate large pro 
the other end facing the semipermeable membrane 2 of the tein crystals in the sealed container 1 . 
sealed container 1 , a sealing member 4 made up of the same 
silicone rubber 6 and restraint tube 7 is provided at the 50 EXAMPLES 
opening 1b , and a gas permeable membrane 20 extending 
into the sealed container 1 is provided at the tip of the narrow Example 1 
tube 5 inserted into the hole ba of the silicone rubber 6 . 

The gas permeable membrane 20 is an elongated bag - like In order to verify the sealing strength of the sealing 
membrane formed of a material having a molecular weight 55 member described above , the following experiment was 
cut - off that inhibits passage of liquid while allowing passage carried out . 
of water vapor , and the gas permeable membrane 20 is First , silicone rubber with an outer diameter of 6 mm and 
formed to have an outer diameter size of 0.2 to 0.4 mm , for a length of 8 mm was pushed into a restraint tube with an 
example . inner diameter of 4.7 mm and a length of 10 mm , and a 
As the gas permeable membrane 20 , for example , it is 60 narrow tube integrated at the tip with a semipermeable 

possible to use a membrane obtained by applying , to the membrane with an outer diameter of 0.24 mm and a length 
surface of the semipermeable membrane 2 described above , of 1 mm was caused to pass through the silicone rubber . The 
room - temperature - vulcanizing ( RTV ) silicone rubber , space between the narrow tube and the silicone rubber was 
polydimethylsiloxane ( PDMS ) silicone rubber , or polyure- sealed , and further , the semipermeable membrane was 
thane , which is in liquid form and has a water vapor 65 inserted into a glass tube ( corresponding to a sealed con 
permeability of 100 g / m2 : 24 h or more with use of a sample tainer ) with an inner diameter of 0.4 mm and an outer 
having a thickness of 25 um in an environment of 25 ° C. and diameter of 1.2 mm . The glass tube was inserted 5 mm into 
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the silicone rubber , and the space between the glass tube and were obtained . Then , X - ray diffraction was performed and 
the silicone rubber was sealed . the resolution and orientation of the crystals were measured , 

Then , a pressure gauge and a syringe were attached to the to confirm that the crystals have good quality . 
other end of the glass tube and pressurization was performed 
using the syringe , to confirm that the sealing member has a INDUSTRIAL APPLICABILITY 
pressure resistance of 250 kPa . This indicates that the 
sealing member can withstand the concentration difference The present invention can provide an economically supe 
up to about 100 mM . rior protein crystallization method capable of efficiently 

finding conditions for crystallization by using a small 
Example 2 10 amount of protein and provide a crystallization device used 

for the method . 
Next , in order to verify the effectiveness of the protein 

REFERENCE SIGNS LIST crystallization method according to the present invention , 
the following experiment was carried out . 
A glass tube ( corresponding to a sealed container ) with an 15 1 sealed container 

inner diameter of 1.6 mm , a length of 15 mm , and a volume 2 semipermeable membrane 
of 30 uL was filled with an aqueous solution of 31.29 - mg 3 precipitant supply means 
mL lysozyme and 50 - mM sodium acetate ( pH 4.5 ) . A 4 sealing member 
semipermeable probe ( 6,000 Da cut - off ) including a narrow 5 narrow tube 
tube and a semipermeable membrane with an outer diameter 20 6 silicone rubber ( elastic member ) 
of 0.24 mm and a length of 1 mm was inserted into the glass 7 restraint tube 

tube , which was then sealed with silicone rubber . Thereafter , 8 reservoir 
a reservoir was filled with a 5 - mL aqueous solution of 
50 - mM sodium acetate ( pH 4.5 ) and 0.04 % sodium azide , 11 port ( concentration adjustment means ) 
and a pump was operated at a flow rate of 60 uL / min . 20 gas permeable membrane 

Then , after this state was held for a day , an aqueous 24 second supply means 
solution of a 50 - mM sodium acetate , 2,000 - mM sodium 25 discharge tube ( discharge means ) 
chloride , and 0.04 % sodium azide was gradually added into The invention claimed is : 
the reservoir at a flow rate of 0.62 uL / min by using a syringe 1. A protein crystallization method comprising : 
pump , and the presence or absence of crystals was observed 30 filling a transparent sealed container with a solution of 
daily . As a result , when the concentration of sodium chloride protein , a part of the transparent sealed container being 
in the reservoir was raised to 700 - mM , lysozyme crystals , formed of a semipermeable membrane with a molecu 
usable for X - ray diffraction , of up to 0.5 mm square were lar weight cut - off that inhibits passage of the protein 
confirmed in the glass tube . while allowing passage of a precipitant ; and 

continuously supplying a precipitant solution to the semi 
Example 3 permeable membrane while changing concentration 

and / or pH of the precipitant in the precipitant solution , 
In order to verify the effectiveness of the protein crystal- and circulating the precipitant solution at the same 

lization method according to the second embodiment time , to change the concentration and / or pH of the 
described above , the following experiment was carried out . 40 precipitant infiltrating from the semipermeable mem 
A glass tube ( corresponding to a sealed container ) with an brane into the sealed container , and to crystallize the 

inner diameter of 1.6 mm , a length of 15 mm , and a volume protein with the precipitant that infiltrates from the 
of 30 L was filled with an aqueous solution of 50 - mM semipermeable membrane into the sealed container . 
lysozyme and 50 - mM sodium acetate ( pH 4.5 ) and an 2. The protein crystallization method according to claim 
aqueous solution of 5 % PEG 4000. A semipermeable probe 45 1 , 
( 6,000 Da cut - off ) including a narrow tube and a semiper- wherein dry air or liquid having hygroscopic properties is 
meable membrane with an outer diameter of 0.24 mm and a continuously supplied to a gas permeable membrane 
length of 1 mm was inserted into the glass tube , which was disposed in a position that faces the semipermeable 
then sealed with silicone rubber . Meanwhile , from the other membrane of the sealed container and having a molecu 
end side , a gas permeable membrane probe , obtained by 50 lar weight cut - off that inhibits passage of liquid while 
applying RTV silicone to the outer side of the semiperme- allowing passage of water vapor , to form gradients of 
able membrane , was inserted into the glass tube , which was the concentration and / or pH of the precipitant and a 
then sealed with silicone rubber . concentration of the protein in the sealed container . 

Subsequently , a reservoir was filled with a 5 - mL aqueous 3. The protein crystallization method according to claim 
solution of 50 - mM sodium acetate ( pH 4.5 ) and 5 % PEG 55 1 , wherein the solution with which the sealed container is 
4000 , and a pump was operated at a flow rate of 0.2 uL / min . filled contains , in addition to the protein , the precipitant 
After this state was held for a day , an aqueous solution of having a concentration with which the protein is not crys 
50 - mM sodium acetate , 2,000 - mM sodium chloride , and 5 % tallized . 
PEG 4000 was gradually added by a syringe pump into the 4. A protein crystallization device comprising : 
reservoir at a flow rate of 0.2 uL / min , and air started to be 60 a transparent sealed container filled with a solution con 
fed at a flow rate of 0.5 uL / min into a gas permeable taining protein ; 
membrane probe coated with RTV silicone , and this state a semipermeable membrane that forms a part of the sealed 
was held for four days so that the concentration of sodium container and inhibits passage of the protein while 
chloride is 0.4 M. Then , 3.75 - mL was added at a flow rate allowing passage of a precipitant ; and 
of 0.4 uL / min . precipitant supply means that circulates and supplies a 
As a result , a total of three crystals were generated in the precipitant solution containing the precipitant to the 

glass tube , and lysozyme crystals of up to 1.8 mm square semipermeable membrane , 
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wherein the precipitant supply means includes a cylindrical restraint tube having an inner diameter size 
a reservoir that stores the precipitant solution , smaller than an outer diameter size of the elastic 
a circulation line that supplies the precipitant solution in member , and 

the sealed container is fitted to one end of the hole in the the reservoir to the semipermeable membrane and elastic member while the narrow tube is fitted to the returns the precipitant solution to the reservoir again , other end of the hole , and the compressed elastic a pump that is disposed on the circulation line and member is fitted into the restraint tube . 
continuously supplies the precipitant solution to the 6. The protein crystallization device according to claim 4 , 
semipermeable membrane , and comprising : 

concentration adjustment means that changes the precipi- a gas permeable membrane disposed in a position that 
tant concentration in the precipitant solution . faces the semipermeable membrane of the sealed con 

5. The protein crystallization device according to claim 4 , tainer and having a molecular weight cut - off that inhib 
wherein its passage of liquid while allowing passage of water 

the sealed container is a tubular member having one end vapor ; 

closed and the other end formed with an opening , second supply means that continuously supplies dry air or 
liquid having hygroscopic properties to the gas perme 

the semipermeable membrane is formed in a bag - like able membrane ; and 
shape integrated at the opening with a cylindrical discharge means for water vapor discharged out of the 
narrow tube and is inserted into the sealed container via sealed container through the gas permeable membrane . 
a sealing member , 7. The protein crystallization device according to claim 4 , 

the sealing member includes 20 wherein the sealed container is made of glass or quartz . 
a cylindrical elastic member having a hole formed in a 8. The protein crystallization device according to claim 5 , 

wherein the elastic member is silicone rubber with a hard center , the hole having a diameter smaller than outer 
diameters of the sealed container and the narrow ness of 15 degrees to 25 degrees . 
tube , and 
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